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Abstract 

We investigate J / if) suppression in ultrarelativistic heavy ion collisions within a generalized 
Glauber model and compare results of a hadronic comover scenario with those of a 
quark plasma scenario where conditions for Mott dissociation of charmonium are fulfilled 
locally at the short time scales before hadronization. We study possible consequences for 
the theoretical description to be drawn from the observation of "anomalous" thresholds 
in the J /if) suppression pattern by the NA50 collaboration. 

1 Generalized Glauber model for AB collisions 
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pP ■ Recently, the NA50 collaboration at CERN has observed an "anomalous" threshold effect 
for J /if) production in Pb — Pb collisions at 158 A GeV/c [1,2]. After the debate whether 
the J /if) suppression itself already signals quark-gluon plasma formation [3] or may be 
explained by hadronic absorption [4] , the present observation seems to support a plasma 
scenario predicting anomalous J /if) suppression thresholds to occur due to the Mott effect 
[5] which excludes charmonium bound state formation in a medium at densities and/or 
temperatures just above those which have been reached in previous AB collisions at 200 A 
GeV/c (A = 16 0, 32 S, B = 238 U). In order to explain both the normal and the anomalous 
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[6,7]. On the other hand, it has been checked whether more conventional scenarios of J/if> 
absorption by comoving matter can give a reasonable description of the Pb — Pb data 
[8,9]. In this contribution we report on the present status of the interpretation of the new 
data for the Et dependence of J/ip suppression within a generalized Glauber model 
approach which besides of charmonium attenuation by projectile and target nucleons also 
^ ■ includes absorption by comoving hadronic and/or partonic matter as produced in the 
course of the collision. Within this approach, the survival probability of a charmonium 
state produced in a collision of the nuclei A and B at impact parameter b is given by [10] 



J I ip suppression pattern in AB collisions quantitatively, generalizations of the Glauber 
model have been considered which include density thresholds for charmonium production 
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where the absorption by projectile and target nucleons with density distributions Pi(zi, b) 
is given by 
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and o^fo is a phenomenological cross section adjusted in order to describe the mass 
number dependence of charmonium hadroproduction in pA and ttA collisions where no 
dense medium is expected to be formed [4,9]. The impact parameter dependence can 
be translated to an Et dependence using the Et — b correlation function which is also 
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1) a ab =7.3mb,S IO ,„=l 



■ 2) S com =exp[-a n] 

3) S c(lm =exp[-a n ln(n/n,)] 

4) S com =exp[-a n ln(n/n f )] 



Figure 1: J/ip survival 
probability vs. impact pa- 
rameter for S-U and for Pb- 
Pb collisions [1]. No si- 
multaneous description of 
both data sets is possi- 
ble within the hadronic co- 
mover scenario even with a 
strong density dependence 
of the charmonium dissocia- 
tion cross section (curve 4)), 
see text. 
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obtained within the Glauber model approach from a fit to the experimental dimuon 
Et distribution. The additional absorption by hot, dense matter produced in the central 
region of an ultrarelativistic nucleus-nucleus collision is accounted for by 



where r(b, b A , t) is the relaxation time for the initial distribution of cc pairs due to inelastic 
collisions with hadrons or partons of the hot and dense medium. We present results of 
model calculations with and without a critical threshold behaviour in the relaxation time 
in order to discuss whether or not the experimental signal of anomalous J/tp suppression 
can be interpreted as a signature of quark-gluon plasma formation. 

2 Charmonium dissociation in hadronic matter 

In dense hadronic matter charmonium formation is suppressed by charm dissociation into 
open charm hadrons. We have calculated the cross sections ah of such quark rearrange- 
ment (string-flip) processes using a confining quark potential model [11] and obtained 
the relaxation time r h = (o^tVe^) -1 including a parametric dependence on the hadron 
properties (masses and r.m.s. radii). In Fig. 1 we contrast a conventional description in 
terms of nuclear absorption (full lines, a a b s = 7.3 mb) with different hadronic comover 
absorption scenarios: dotted lines- ah = const, n h (t) = n, dashed lines- ah = const, 
nh{t) = n t /t and dash-dotted lines- o~h = const n, rih(t) = n t /t. Our results [12] for 
the additional absorption due to comoving hadrons show a continuous dependence on the 
impact parameter. No acceptable description of both sets of data (S — U and Pb — Pb) 
is possible and a hadronic comover scenario has to be disfavoured, see also [9]. 

3 Mott dissociation of cc in partonic matter 

According to the Mott effect, above critical densities characteristic for the bound states 
under consideration, these states vanish from the spectrum since they merge the contin- 
uum of scattering states. In the case of charmonium, quark rearrangement processes occur 
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Figure 2: Proper-time de- 
pendence of parton den- 
sity (hatched regions) and 
critical Mott-densities (pre- 
resonant states: lines join- 
ing the cc creation vertex, fi- 
nal states: horizontal lines). 
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which result in a dissociation of the heavy flavour [13] when critical parton densities n' 
are exceeded. For a cc pair born into a dense partonic environment, a Mott criterion 
has been formulated in [7] which accounts for the proper time dependence of both the 
size of the cc wave function and the parton density [14] at given impact parameter and 
Lorentz factor 7 in the parton center-of-mass system, see Fig. 2. Accounting for a 30% 
feeding of the J j ip channel from \ decays, we obtain for the additional absorption due to 
Mott dissociation of charmonium in dense partonic matter 
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n(b, b A ) = AT A (b A )(l - (1 - owT B (b - b A )) B ) + BT B (b - b A )(l - (1 - ^^(b))^) 
being the density of participants in the transverse plane and T A ^{b) the normalized 
nuclear thickness functions. From the r.m.s. transverse radii of \ and J/ip we expect that 



5.0 



I S-U (200 GeV A) 
44.5 S(E T ) 

nucl. absorption only 




• Pb-Pb (rescaled), 

Pb-Pb (rescaled), 1996 

— 44.5 S(E T ) 

- - nucl. absorption only 



25.0 50.0 75.0 0.0 

E T (GeV) 



50.0 100.0 
E T (GeV) 



150.0 200.0 



Figure 3: Suppression ratio for J/ip in S-U (left panel) and Pb-Pb (right panel) collisions. 



mott ~ * "mott an< i ^he parameter n^ 0TT is chosen such that the threshold for anomalous 
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suppression which is interpreted as a consequence of the Mott effect is reproduced. Our 
results are shown in Fig. 3 and demonstrate that a threshold behaviour can indeed be 
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obtained for the Pb — Pb collisions whereas it is not present in the S — U case. However, 
the most recent data of the 1996 run [2] exhibit a much steeper decrease of the J/ij; 
suppression ratio than can be explained within a generalization of the Glauber model 
even by the extreme Mott scenario as presented here and in [7]. 



4 Conclusions 

We have analyzed data for the Et dependence of J/ip suppression in S — U and Pb — Pb 
collisions at CERN-SpS within a generalized Glauber model approach which accounts 
for the fact that after its creation the cc pair suffers not only normal absorption by 
projectile and target nucleons but also additional absorption while traversing the dense 
hadronic and/or partonic matter which is formed in the collision. It has been shown 
that a hadronic comover scenario cannot explain both the S — U and the Pb — Pb data 
since it has a continuous centrality dependence. The scenario of Mott dissociation in 
dense partonic matter when implemented in the Glauber approach exhibits a threshold 
behaviour with increasing centrality of the collision and seems to describe both the S — U 
and the 1995 Pb — Pb data. The new 1996 Pb — Pb data, however, show a sudden drop 
in the J/ip production above Et ~ 50 GeV which, when established in the final analysis 
of the data, indicates the transition to a new regime in the Pb — Pb collisions that can no 
longer be modeled adequately within a Glauber type approach. 

Studies which implement the change of time scales due to a quark-gluon-plasma phase 
transition [5,15] on the other hand seem to have the potential to explain the observed 
anomalous threshold behaviour of J/tp suppression. These theoretical studies have to be 
further developed by improving the microscopic description of charmonium dissociation 
kinetics and by combining them with numerical simulations of AB collisions. Further 
experimental studies with higher statistics and also with inverse kinematics should be 
performed in order to settle the details of the anomalous suppression pattern as a possible 
signal of quark-gluon-plasma formation in heavy-ion collisions. 



1. M. Gonin et al. (NA50 Collaboration), Nucl. Phys. A 610 (1996) 404c. 

2. E. Scomparin (NA50 Collaboration), talk at this conference. 

3. T. Matsui and H. Satz, Phys. Lett. 178 B (1986) 416. 

4. C. Gershel and J. Hufner, Z. Phys. C 56 (1992) 171. 

5. D. Blaschke, Nucl. Phys. A 525 (1991) 269c. 

6. J.-P. Blaizot and J.-Y. Ollitrault, Phys. Rev. Lett. 77 (1996) 1703. 

7. K. Martins and D. Blaschke, in Proceedings Hirschegg ? 97 "QCD Phase Transitions' 
p. 293; frucl-th/ 9702041 . 

8. S. Gavin and R. Vogt, Nucl. Phys. A 610 (1996) 442c. 

9. D. Kharzeev, C. Lourengo, M. Nardi and H. Satz, Z. Phys. C 74 (1997) 307. 

10. C. Y. Wong, Phys. Rev. Lett. 76 (1996) 196. 

11. K. Martins, D. Blaschke and E. Quack, Phys. Rev. C 51 (1995) 2723. 

12. K. Martins, Ph.D. Thesis, Rostock (1997), unpublished. 

13. G. Ropke, D. Blaschke and H. Schulz, Phys. Rev. D 38 (1988) 3589. 

14. K. Geiger and B. Miiller, |nucl-th/970704 r 8| . 

15. D. Kharzeev, M. Nardi and H. Satz, |hep-ph/9707308 . 



4 



